Near-isogenic lines (NILs) of winter wheat varying for alleles for reduced height 9 (Rht), gibberellin (GA) response and photoperiod insensitivity (Ppd-D1a) in cv. Mercia 10 background (rht (tall), Rht12) and for grain yield was unaffected by tillage system or GA-sensitivity. After accounting for 21 effects of height, GA insensitivity was associated with increased grain yields due to 22 increased grains per spike, which was more than enough to compensate for poorer 23 plant establishment and lower mean grain weights compared to the GA-sensitive lines. 
5 29' N, 0° 56' W, 35m asl). The experiment followed a three year rye grass and chicory 82 ley, destroyed by spraying 1.8kg/ha glyphosate and then sub soiled to 400mm at 1m 83 spacing. Weather data were recorded at an automated metrological station at the site 84 (Table 1) . Soil was tested for pH, phosphorous, potassium and magnesium availability 85 (Anon., 2000) and corrective nutrients applied as appropriate. Crop husbandry details 86 are available in Table 2 . 
Design of Experiment

89
Tillage main plots (50×5m) were randomized in three blocks and divided into ten 90 randomized sub-plots (2.5×10m) sown with different NILs at a rate of 300seeds/m 2 .
91
Conventional tillage main plots were ploughed to 300mm and then power harrowed 92 (Lely Roterra). For the minimum tillage plots there was no primary cultivation but a 93 surface tilth (20-30mm) was achieved with a single shallow pass with the power 94 harrow (Baker et al., 1996) . 'Ai-Bian') lines; and gibberellin-sensitive semi-dwarf (Rht8c+Ppd-D1a from 'Mara') and 105 dwarf (Rht12 from 'Karcagi 522') lines (Worland et al. 1994; Foulkes et al. 2004 October each year by taking five 72mm diameter × 900mm depth cores per main plot.
115
Cores were separated into 0-300, 300-600 and 600-900 mm horizons. For total N, C and 116 S samples were dried at 80°C for 48h. After grinding, 0.10 to 0.20 g samples were was then coupled with N-1-Napthylethylenediamine dihydrochloride to give a red azo 123 dye and then colour was measured at 540nm (Patton and Crouch, 1977) . Results were 124 reported as mg/l in soil on a dry matter basis and then converted to kg mineral-N per 125 hectare.
126
For bulk density five 72mm × 1000mm cores were taken from each main plot and 127 separated into 100 mm depth horizons. Samples were dried at 80°C for 48h and 128 weighed to derive bulk density as the mass of oven dried soil in a unit volume of the 129 core.
130
Plant population was counted, and above ground crop biomass before the first node 7 was detectable was hand-harvested, in three randomly-placed 0.1 m² circular quadrats 132 per sub-plot. At anthesis of the individual NILs (i.e. on different calendar days 133 depending on NIL), the above ground crop was hand-harvested from rows both sides of 134 a randomly-placed 0.5 m rule in three positions per sub-plot. The same sampling 135 strategy was employed for hand-harvests at combine harvest maturity when samples 136 were also portioned between grain and non-grain tissues to derive harvest index (HI).
137
Above ground crop dry matter (AGDM) was determined after drying plants at 80°C for 138 48h. Crop height was calculated as the average of three assessments per sub-plot made 139 between anthesis and harvest maturity with a rising disc of polystyrene (Peel, 1987) .
140
Interception of photosynthetically active radiation (PAR) was measured above and The central 1.3m of each sub-plot was combine harvested for grain yield assessment.
150
Grain moisture content was determined by drying a 20 g sample at 80°C for 48h 151 allowing adjustment to dry matter basis. Mean grain weight was assessed by weighing a 152 250 grain lot after dividing the sup-plot samples. 
Results
172
The 2009/10 season was exceptionally wet in winter and then drier from stem 173 elongation to the end of grain filling (April to July) ( Table 1) were not significantly affected by tillage system (Table 3) . Total N was, however, 180 significantly higher following conventional tillage because of the increase in nitrate N. In 9 February, all soil nutrients were similar in all tillage systems except that nitrate N was 182 still lower in the reduced tillage systems. After harvest, total N was significantly higher 183 in conventional tillage whereas other soil parameters did not differ among tillage 184 systems.
185
For the 2010/11 growing season in February, total N and nitrate N were significantly 186 higher in conventional tillage. After harvest, total N, C and S were not affected by tillage 187 system.
188
Bulk density for the 0-300mm horizon was significantly higher in MT and ZT 189 compared to CT in both seasons (Table 4 ). In 2010, soil bulk density was significantly 190 higher in MT in the 300-600mm horizon whereas at the same depth in 2011, it was 191 significantly higher in CT. Grain yields were optimized at heights around 740mm (Fig. 1a,b ) because this provided 196 the best compromise between harvest index, which declined with height ( Fig. 1c,d ), and 197 above ground biomass which increased with height ( Fig. 2c,e ). Improving AGDM with 198 height was due to improvements in both PAR interception (Fig. 2g) and RUE (Fig. 2i) .
199
The quadratic grain yield response to height was mostly the result of effects on grains 200 per spike (Fig. 3e) , and hence also grains per unit area (Fig. 3c) , rather than on mean 201 grain weight which increased with height (Fig. 3a) . There appeared no response to 202 height for plant establishment (Fig. 3i) , early biomass production (Fig. 2a) After accounting for effects of height, GA insensitivity was associated with increased 207 grain yields (Fig. 1a) . This derived from increased grains per spike and per unit area 208 (Fig. 3c,e) , which was more than enough to compensate for poorer plant establishment 209 (Fig. 3i) and lower mean grain weights (Fig. 3a) compared to the GA-sensitive lines. GA-210 insensitivity had little effect on AGDM at harvest (Fig. 2e) there appeared little effect of GA-response on early biomass production (Fig. 2a) , ears 213 per plant (Fig. 3g) or harvest index (Fig. 1c) . Both minimum-and zero-tillage were associated with reduced grain yields (Fig. 1b) , 217 allied to reduced harvest index (Fig. 1d ) and biomass accumulation (Fig. 2b,d,f) .
218
Reduced biomass accumulation was due to lower amounts of PAR intercepted (Fig. 2h) 
219
rather than effects on RUE (Fig. 2j) . Poorer PAR interception resulted from the smaller 220 plant populations in the reduced-tillage systems (Fig. 3j) . Although there was some 221 compensation for lower plant numbers with increased ears per plant, particularly for ZT 222 (Fig. 3h) , this was insufficient to maintain grain numbers per unit area at the level 223 achieved in the plough-based system (Fig. 3d) . There was no effect of tillage on grains 224 per spike (Fig. 3f) , or mean grain weight (Fig. 3b) . There was no evidence of an 225 interaction between tillage and GA response for any of the variates measured. There 226 was an interaction between line and tillage for plant establishment (Fig. 3j) and also for 227 AGDM at anthesis (Fig. 2d) . With regards establishment there appeared some 228 advantage for dwarfism in the ZT, although the opposite occurred under CT (Fig 3j) . At ( Baumer and Kopke., 1989; Riley et al., 1994; Munkholm et al., 2003) . These effects of is possible that GA sensitivity is particularly beneficial for deep sowing and this was not 277 a factor in our reduced tillage systems. Similarly, it might be supposed that the benefit 13 for GA sensitivity on plant establishment would have been more likely to lead to higher 279 grain yields in a spring-sown crop (as in Rebetzke et al. 2007) where there was less 280 time for compensatory ear production from GA-insensitive lines.
281
We confirm that dwarfing with GA-insensitivity can increase grain numbers per 282 spike and reduce mean grain weight (Fintham et al., 1997) . What is more notable here, 283 however, is that these effects persist even when the influence of height has been 284 accounted for, i.e. it appears that there are beneficial effects of GA-insensitivity on grain could not be compared with a GA-insensitive line of comparable height.
293
In conclusion, we find no evidence that the optimal ultimate crop height, as 294 modified by major dwarfing alleles, varies with the tillage systems used here. Although 295 GA-insensitive alleles were associated with poorer establishment, and lower yields in 296 the reduced tillage systems were linked to reduced plant populations, benefits of GA-297 sensitivity did not interact with establishment method and were insufficient to 298 compensate for fewer grains per spike. We find, therefore, little evidence to question the and 
